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Abstract 


The  nylon  obturator  and  RTV  sealing  cuff  for  the  M865  training  round  were  evaluated  to 
identify  potential  sources  of  ballistic  variability  associated  with  the  material  properties  and 
material  processing.  While  the  properties  of  these  materials  are  strongly  dependent  on 
processing  conditions,  temperature,  and  moisture  content,  the  M865  performance  variability  is 
reduced  by  a  well-engineered  fracture  mechanism  that  focuses  the  stresses  in  the  obturator  during 
sabot  discard.  A  ballistic  test  was  developed  to  validate  the  study.  For  the  ballistic  test, 
obturators  were  manufactured  in  'TDrittle,"  "tough,"  and  "tough-wet"  conditions.  These  three 
conditions  produced  significant  differences  in  the  mechanical  properties  (the  maximum  strength 
varied  by  a  factor  of  2,  the  elastic  modulus  varied  by  a  factor  of  25,  and  the  elongation  to  failure 
varied  by  a  factor  of  10).  However,  the  ballistic  performance  did  not  show  any  significant 
variability  due  to  the  obturator  properties. 
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1.  Introduction 


This  project  was  initiated  to  evaluate  the  materials  used  in  the  nylon  obturator  band  and 
rubber  sealing  cuff  for  the  M865  training  projectile,  to  assess  the  ballistic  implications  of  the 
material  properties,  and  to  evaluate  the  performance  during  ballistic  testing.  A  literature  search  and 
a  series  of  analyses  were  completed  to  evaluate  the  potential  effects  of  variability  in  the  raw 
material  properties,  processing  effects,  and  environmental  effects  on  the  ballistic  performance.  The 
range  of  properties  was  then  used  in  dynamic  analyses  (Newill  et  al.,  to  be  published)  to  predict  the 
potential  effects  on  the  in-bore  behavior  on  the  projectile.  Based  on  this  study,  an  experimental 
program  was  designed  to  test  the  limiting  values  ballistically.  The  results  of  the  study  (in  section  4) 
showed  that  the  obturator  material  properties  had  little  effect  on  ballistic  performance. 

A  schematic  of  an  M865  projectile  is  shown  in  Figure  1,  and  a  photograph  of  the  original 
version  is  shown  in  Figure  2. 


Figure  1.  Schematic  Diagram  of  an  M865  Projectile. 


The  obturator  band  is  located  in  the  obturator  seat  on  the  rear  bulkhead  of  the  sabot.  It  is 
attached  to  the  projectile  with  a  knurled  interface  and  helps  hold  the  three  sabot  petals  together. 
Notches  are  cut  into  the  forward  edge  of  the  obturator  and  are  aligned  with  the  seams  between  sabot 
petals  to  initiate  fracture  of  the  obturator  during  discard.  The  M865  obturator  is  different  from 
obturators  on  120-mm  tactical  kinetic  energy  projectiles  (M829,  M829A1,  and  M829A2)  in  that  it  is 
broken  during  the  discard  process  instead  of  at  muzzle  exit.  The  obturators  on  the  M829,  M829A1, 
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and  M829A2  are  broken  by  the  loss  of  the  support  from  the  tube  as  the  bullet  exits  the  muzzle  due 
to  the  large  internal  pressure.  The  sealing  cuff  on  the  M865  is  located  aft  of  the  obturator  and  is 
designed  to  adhere  to  the  sabot  during  discard,  tearing  along  the  seams  between  the  petals  after  the 
obturator  breaks.  The  sealing  cuff  also  provides  some  sealing  of  the  projectile  during  launch. 


Figure  2.  Photograph  of  an  M865  Projectile. 


Several  problems  involving  the  obturator  and  sealing  cuff  have  occurred  during  production 
of  the  M865  projectile.  The  obturators  have  cracked  during  the  final  machining  process,  assembly, 
and  handling  of  the  projectile.  Problems  reported  on  the  sealing  cuff  have  involved  occasional 
anomalies  with  discard.  These  problems  have  been  attributed  to  poor  interfacial  adhesion  between 
the  sabot  and  sealing  cuff. 

2.  Nylon  Obturator  Band 

2.1  Raw  Material  Properties. 

The  nylon  obturator  band  is  made  of  injection-molded  nylon  6,6.  The  specific  nylon  used 
for  this  program  is  DuPont  Zytel  101.  The  raw  materials  are  purchased  to  the  specification  for 
general-purpose  nylon  6,6  in  ASTM  4066-96a,  “Standard  Specification  for  Nylon  Injection  and 
Extrusion  Materials  (PA)”  (ASTM  1996).  The  acceptance  data  from  both  of  the  contractors  all  met 
this  specification  and  showed  very  low  variability,  indicating  that  raw  material  properties  would 
have  little  influence  on  variability  in  the  final  molded  obturator. 
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2,2  Processing. 

The  processing  of  the  nylon  obturators  is  much  more  significant  in  terms  of  variability  in 
final  properties.  Two  important  aspects  of  processing  are  storage  of  the  material  prior  to  molding 
and  material  toughness.  Material  storage  is  important  because  it  is  critical  that  the  nylon  be 
protected  from  moisture  prior  to  injection  molding.  Nylon  is  hydroscopic  and  will  absorb  moisture 
rapidly  in  ambient  conditions.  Any  moisture  in  the  nylon  during  the  molding  process  will  cause 
voids  to  be  formed  in  the  final  part,  making  it  brittle,  or  could  damage  the  obturator’s  ability  to  seal. 

Toughness  in  the  material  is  also  an  important  processing  concern.  It  can  be  related  to  the 
amount  of  crystallinity  and  the  structure  of  the  crystals.  In  general,  increasing  the  crystallinity 
makes  the  nylon  more  brittle.  However,  the  structure  of  the  crystals  also  is  important.  For  equal 
amounts  of  crystallinity,  small  crystals  produce  a  tougher  microstructure  than  large  crystals.  The 
degree  of  toughness  in  the  nylon  can  be  controlled  through  the  initial  mold  temperature  and  cooling 
cycle  during  the  injection  molding  process.  If  the  nylon  part  is  cooled  rapidly  from  the  molding 
temperature,  it  will  solidify  into  an  amorphous  structure  before  crystals  form.  If  the  material  is 
cooled  slowly,  crystals  will  form  in  the  nylon.  The  degree  of  crystallinity  can  then  be  adjusted  by 
altering  the  cooling  cycle. 

The  degree  of  crystallinity  will  affect  the  appearance  and  the  mechanical  properties  of  the 
nylon.  An  amorphous  nylon  can  be  translucent,  or  clear  in  color.  In  general,  amorphous  nylon  will 
have  a  high  degree  of  toughness,  with  a  low  elastic  modulus  and  yield  strength,  and  a  high  strain  to 
failure.  Increasing  the  crystallinity  of  nylon  makes  it  more  opaque  (giving  it  a  whiter  color)  and 
makes  it  more  brittle.  The  brittleness  increases  the  elastic  modulus  and  yield  strength  and  reduces 
the  strain  to  failure  of  the  material.  Figure  3  shows  how  the  stiffness  of  nylon  varies  vs.  percent 
crystallinity  for  samples  conditioned  at  three  different  moisture  levels.  The  relationship  between 
the  yield  strength  of  nylon  6,6  and  percent  crystallinity  is  shown  in  Figure  4.  Both  the  elastic 
modulus  and  yield  strength  increases  linearly  with  percent  crystallinity. 
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Figure  3.  Stiffness  vs.  Crystallinity  for  Nylon-610  Films  (Kohan  1973). 


Figure  4.  Yield  Point  of  Nylon-66  vs.  Percent  Crystallinity  (Kohan  1973). 

2.3  Environmental  Effects. 

After  nylon  obturators  are  made,  the  moisture  content  and  temperature  can  significantly 
influence  their  mechanical  properties.  As  mentioned  earlier,  nylon  is  hydroscopic  in  nature  and  will 
absorb  up  to  8%  moisture  over  time.  Licreasing  the  temperature  of  the  specimens  would  greatly 
increase  the  rate  of  moisture  absorption.  In  addition,  increasing  the  RH  levels  would  increase  the 
amount  of  moisture  that  these  specimens  would  gain  since  the  saturation  level  of  the  material  is 
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proportional  to  the  exposed  RH  (Tsai  1988).  The  absorbed  moisture  will  cause  the  nylon  to  swell 
through  hygrothermal  expansion. 

Absorbed  moisture  will  also  change  the  mechanical  properties  of  the  nylon.  Figure  5  shows 
stress-vs.-strain  curves  for  nylon  6,6  in  the  dry-as-molded  (DAM)  condition  and  a  specimen 
conditioned  to  50%  RH.  Note  that  the  dry  specimen  is  much  more  brittle.  It  is  stiffer  and  has  a 
higher  yield  strength  than  the  specimen  preconditioned  to  50%  RH  (DuPont  1997). 


Figure  5.  TensUe  Stress-Strain  Data  for  Nylon  6,6  at  23®  C  at  50%  RH  and  Dry-as-Molded 
(DAM)  Material  Conditions  (IhiPont  1997). 


Both  increasing  the  temperature  and  increasing  the  moisture  content  reduce  the  stiffness  and 
the  yield  point  of  the  material.  Figure  6  shows  stress-vs.-strain  curves  for  samples  of  nylon 
conditioned  at  50%  RH  and  four  different  temperature  levels  (DuPont  1997).  At  cold  temperatures, 
the  material  displays  brittle  behavior,  at  higher  temperatures,  the  material  has  tougher  behavior. 
Figure  7  shows  the  effects  of  both  moisture  content  and  temperature  on  the  flexural  modulus  of 
nylon  6,6  (DuPont  1997).  Notice  that  over  the  normal  operating  temperature  of  the  M865  (-25®  F  to 
120°  F),  the  modulus  varies  by  a  factor  of  7,  indicating  that  there  can  be  substantial  variation  in 
obturator  properties  across  the  test  temperature. 
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Figure  6.  TensUe  Stress-Strain  Data  for  Nylon  6,6  at  50%  RH  at  Four  Different 
Temperatures  (DuPont  1997). 
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Figure  7.  Flexural  Modulus  of  Nylon  6,6  vs.  Temperature  at  Various  Moisture  Contents 
(DuPont  1997). 
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Figure  8  and  Figure  9  show  the  effects  of  moisture,  temperature,  and  strain  rate  on  the  yield 
strength  and  elastic  modulus  of  nylon  6,6.  Moisture  and  temperature  effects  cause  much  greater 
changes  in  material  properties  than  changes  in  the  material  strain  rate. 
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Figure  8.  Yield  Stress  Data  for  Nylon  6,6  Dry-as-Molded  And  50%  RH  vs.  Strain  Rate  and 
Temperature  (DuPont  1997). 
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Figure  9.  Effect  of  Temperature  and  Strain  Rate  on  the  Elastic  Modulus  of  Nylon  6,6  at 
Two  Moisture  Levels  (Kawahara,  Brandon,  and  Korellis  1988). 
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2.4  Stress  Concentration  Due  to  Notch  and  Geometry. 

While  environmental  effects  can  cause  significant  variation  in  the  mechanical  properties  of 
the  nylon  obturator,  the  notches  between  sabot  petals  reduce  variability  in  the  behavior  of  the 
obturator  during  discard.  In  a  separate  study  (Newill  et  ah,  to  be  published),  the  in-bore  and  discard 
behavior  of  the  M865  projectile  was  numerically  modeled.  Figure  10  shows  a  finite  element  model 
showing  the  sabot  discarding  from  the  projectile.  For  simplicity  of  analysis,  the  notches  in  the 
obturator  were  not  modeled.  However,  the  analysis  showed  that  during  discard,  the  sabot  geometry 
focused  the  stress  in  the  obturator  band  such  that  the  stress  was  three  times  higher  at  the  sabot  splits 
than  in  the  surrounding  material  as  shown  in  Figure  11.  The  stress  is  focused  in  a  very  small  area 
because  the  obturator  cannot  slip  on  the  knurled  surface  (due  to  the  mechanical  coupling)  of  the 
aluminum  sabot.  During  discard,  the  elongation  that  occurs  in  the  obturator  will  occur  between  the 
sabot  petals.  The  distance  between  the  sabot  petals  is  very  small,  which  in  turn  implies  that  the 
stress  in  the  band  is  over  a  very  short  gauge  length.  This  mechanism  focuses  all  the  energy  from  the 
petals  separating  into  this  very  small  area  in  the  band,  causing  a  large  stress  concentration. 


Figure  10.  Finite  Element  Model  of  Sabot  Discard. 

The  notch  in  the  obturator  further  focuses  the  stress.  The  stress  concentration  due  to  the 
notch  is  defined  by  equation  1  (Hertzberg  1989); 


where  k(  is  the  stress  concentration  factor,  a  is  the  notch  length,  and  p  is  the  radius  of  the  notch  tip. 
For  the  notch  lengths  in  the  M865  (between  4  mm  and  6  mm)  with  a  notch  radius  of  0.25  mm,  the 
stress  concentration  factor  varies  between  8  and  10. 
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The  stress  at  the  notch  tip,  due  to  a  combination  of  the  stresses  from  the  sabot  petals  coming 
apart  and  the  stress  concentration  at  the  notch,  is  then  24  to  30  times  higher  than  the  stress  in  the 
surrounding  material.  Since  the  stress  at  the  notch  tip  is  much  higher  than  the  failure  strength  of  the 
nylon,  variations  in  nylon  material  properties  do  not  significantly  affect  failure  of  the  band  during 
discard. 
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Figure  11.  Circumferential  Stress  in  the  Obturator  During  Discard  for  an  Unnotched 
Obturator. 

3.  Sealing  Cuff 

The  investigation  into  the  sealing  cuff  was  more  limited  than  the  obturator  portion.  This 
was  due  to  the  development  of  the  M865E3  version  of  the  projectile,  which  is  replacing  the  current 
sealing  cuff  with  a  nylon  6  snap  ring  adapter.  In  addition,  material  variations  in  the  rubber  have  not 
been  identified  as  a  significant  area  of  concern.  A  static  break  test  was  conducted  on  one  projectile 
at  Aberdeen  Proving  Ground  (APG).  In  the  test,  the  obturator  dominated  the  lift-off  process.  Once 
the  obturator  fractured,  the  sealing  cuff  provided  little  resistance  to  the  tearing  lift-off  loads.  In  this 
case,  the  RTV  sealing  cuff  was  well  adhered  to  the  sabot. 

In  the  numerical  discard  analysis  (Newill  et  al.,  to  be  published),  the  sealing  cuff  was 
modeled  with  several  different  interfacial  conditions:  perfectly  bonded,  partially  bonded,  no  bond, 
perfectly  bonded  with  a  bolted  sealing  cuff,  partially  bonded  with  a  bolted  sealing  cuff,  and  no  bond 
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with  a  bolted  sealing  cuff.  The  stress  distributions  at  the  leading  edge  of  the  sealing  cuffs  during 
discard  for  these  cases  are  shown  in  Figure  12  and  Figure  13.  When  the  sealing  cuff  is  perfectly 
bonded  to  the  sabot,  the  stress  is  focused  at  the  seam  between  the  petals.  This  provides  a  short 
gauge  section  for  failure  between  the  petals.  When  the  sealing  cuff  is  only  partially  bonded  or  not 
bonded,  the  circumferential  stress  is  no  longer  focused  between  petals  and  a  much  larger  section  of 
the  sealing  cuff  can  deform  prior  to  failure.  Since  the  sealing  cuff  is  an  elastomer,  it  can  endure 
substantial  deformation  and  absorb  significant  energy  before  it  breaks,  increasing  the  chance  for 
irregular  failure.  Therefore,  a  poor  bond  between  the  sabot  and  the  sealing  cuff  can  lead  to  less 
repeatable  discard  behavior,  inducing  variability  that  may  contribute  to  poor  Target  Impact 
Dispersion  (TID).  When  the  sealing  cuff  is  bolted  to  the  sabot,  the  failure  of  the  sealing  cuff/sabot 
bond  is  less  dramatic.  The  bolts  act  as  secondary  stress  concentration  sites,  initiating  failure  if  the 
adhesive  fails.  The  bolts  therefore  help  reduce  the  potential  variability  due  to  poor  bonding. 
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Figure  12.  Stress  Distribution  at  the  Forward  Edge  of  the  Sealing  Cuff  During  Sabot 
Discard. 
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Figure  13.  Stress  Distribution  at  the  Bolts  in  the  Sealing  Cuff  During  Sabot  Discard. 

4,  Ballistic  Testing 

It  was  decided  to  pursue  an  experimental  program  to  evaluate  the  effects  of  obturator 
properties  on  projectile  performance.  The  two  most  important  parameters  that  could  affect 
obturator  performance  were  identified  as  the  toughness  of  the  molded  nylon  band  and  the  moisture 
content  of  the  obturator.  Three  material  conditions  were  then  chosen  for  testing:  a  “brittle” 
condition  with  a  low  moisture  content,  a  “tough”  condition  with  a  low  moisture  content,  and  a 
“tough”  condition  with  a  high  moisture  content  (which  further  increases  the  toughness).  The  tough 
and  brittle  conditions  were  chosen  based  on  reasonable  molding  conditions  for  the  obturator  and  are 
described  in  section  4.1.  The  dry  and  wet  environmental  conditions  were  based  on  typical  amounts 
of  moisture  in  the  obturator  as  described  in  section  4.2. 

Based  on  an  analysis  prior  to  the  test,  it  was  determined  that  nine  projectiles  would  need  to 
be  shot  with  each  configuration  to  produce  statistically  meaningful  results  (Soencksen,  Newill,  and 
Webb,  to  be  published).  The  ballistic  test  was  also  designed  to  evaluate  the  effects  of  bourrelet 
diameter  on  performance,  which  increased  the  number  of  configurations  of  test  projectiles  to 
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include  two  bourrelet  diameters.  Therefore,  60  projectiles  (9  test  projectiles  for  each  configuration 
and  6  spare  projectiles)  were  manufactured  for  the  test.  The  test  matrix  is  given  in  Table  1. 


Table  1.  Test  Matrix  (Number  of  Projectiles  for  Each  Configuration) 


Diameter 

(mm) 

Dry,  Brittle 
Obturator 

Dry,  Tough 
Obturator 

Wet,  Tough  1 
Obturator 

119.69 

9 

9 

9  1 

119.83 

9 

9 

9  1 

4.1  Material  Mechanical  Properties. 

Test  obturators  were  manufactured  in  the  two  conditions  “brittle”  and  “tough.”  These 
conditions  were  achieved  by  controlling  the  processing  parameters  during  the  injection  molding 
process.  The  details  of  the  manufacture  are  contractor  proprietary  and  therefore  are  not  presented 
here.  Several  test  specimens  were  manufactured  with  the  same  conditions,  and  their  average 
mechanical  properties  are  listed  in  Table  2.  The  tough  specimens  had  approximately  4  times  the 
elongation  to  failure  as  the  brittle  specimens. 


Table  2.  Mechanical  Properties  of  the  Molded  Test  Projectiles 


Condition 

Number  of  Test 
Specimens 

Maximum 
Tensile  Strength 
(psi) 

Elastic  Modulus 
(ksi) 

Elongation  to 
Failure 
(%) 

Brittle 

9 

10487.6 

191.2 

11.79 

6 

9210.6 

155.1 

42.39 

4.2  Environmental  Conditions. 


For  the  two  environmental  conditions  (“dry”  and  “wet”),  it  was  important  to  determine 
reasonable  moisture  levels  for  the  projectiles  (i.e.,  moisture  contents  that  could  be  achieved  in 
fielded  ammunition).  This  would  avoid  biasing  the  test  with  “worst-case”  environmental  conditions 
such  as  an  obturator  completely  saturated  with  moisture.  Therefore,  a  study,  described  in  section 
4.2.1,  was  initiated  to  determine  achievable  moisture  levels  for  nylon  obturators.  A  second  study, 
described  in  section  4.2.2,  was  then  started  to  determine  the  best  way  to  achieve  these  moisture 
levels. 
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4.2.1  Dry  Out  Testing. 


The  purpose  of  this  test  is  to  determine  the  moisture  content  of  M865  projectiles  that  have 
been  stored  for  long  periods  of  time.  Eight  obturators  were  selected  for  testing.  Four  were 
manufactured  in  1988  (lot  number  IOP88J058-003),  and  four  were  manufactured  in  1997  (lot 
number  MHM97K-002S295).  One  of  the  1997  obturators  broke  in  half  when  it  was  removed  from 
the  projectile,  and  each  piece  was  used  as  a  separate  test  specimen,  so  there  were  a  total  of  nine  test 
specimens.  The  1988  projectiles  had  been  stored  in  the  open  (not  stored  in  ammunition  cases)  in 
bunkers  at  APG  for  approximately  10  years.  The  1997  projectiles  had  been  subjected  to  rough 
handling  tests  in  December  1997,  then  sat  for  about  5  months  in  a  propellant  loading  plant  that  had 
controlled  temperature  and  humidity  levels.  The  rough  handling  testing  may  have  partially  dried 
the  obturators  on  these  projectiles  since  it  incorporates  temperature  cycling  in  a  dry  environment. 

The  projectiles  were  dried  in  an  oven  at  165°  F  for  32  days.  The  percent  moisture  loss  vs. 
time  is  shown  in  Figure  14.  The  specimens  from  1988  showed  an  average  of  3.52%  moisture  loss 
by  weight;  the  specimens  from  1997  showed  an  average  of  1.56%  moisture  loss  by  weight.  Based 
on  this  study,  it  was  determined  that  a  reasonable  moisture  level  for  the  “wet”  obturators  was  3.5% 
by  weight  moisture. 


Figure  14.  Obturator  Moisture  Loss  vs.  Time. 
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4.2.2  Moisture  Absorption  by  the  Obturators. 

Moisture  absorption  tests  were  then  initiated  to  determine  the  moisture  saturation  level  and 
diffusion  constants  on  the  obturators.  The  obturators  from  the  dry-out  study  were  placed  in  two 
humidity  chambers  (50%  RH  and  90%  RH)  at  145°  F.  The  percent  weight  gain  vs.  time  is  shown  in 
Figure  15.  The  specimens  conditioned  at  90%  RH  had  an  average  moisture  saturation  level  of 
5.67%.  The  specimens  conditioned  at  50%  RH  had  an  average  saturation  level  of  1.93%. 

From  this  study,  it  was  interpolated  that  obturators  with  3.5%  moisture  content  would  be  in 
equilibrium  in  75%  RH  air.  It  also  showed  that  at  145°  F,  the  obturators  reached  equilibrium 
moisture  content  within  20  days. 


Figure  15.  Percent  Weight  Gain  vs.  Time  for  Obturators  Conditioned  at  50%  RH 
(Specimens  1988  C,  1988  D,  1997  C,  1997  D,  and  1997  E)  and  90%  RH 
(Specimens  1988  A,  1988  B,  1997  A,  and  1997  B). 

4.2.3  Test  Sample  Preparation. 

The  test  projectiles  were  manufactured  in  July  of  1998.  Three  projectiles  with  removable 
obturators  were  made  with  the  test  projectiles  in  order  to  evaluate  moisture  content  through  the 
conditioning  cycle.  All  of  the  projectiles  were  placed  in  ammunition  storage  cans  and  shipped  to  a 
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separate  location  for  environmental  conditioning.  At  that  time,  all  of  the  “dry”  projectiles  were 
sealed  in  Mylar  vacuum  bags.  The  “wet”  projectiles  were  placed  into  a  conditioning  chamber  at 
145°  F  at  95%  RH  until  the  test  obturators  showed  a  weight  gain  of  3.5%.  After  environmental 
conditioning,  mechanical  tests  were  performed  on  companion  samples  of  all  of  the  materials.  The 
results  are  listed  in  Table  3.  It  should  be  noted  that  that  the  maximum  strength  varies  by  a  factor  of 
2,  the  elastic  modulus  varies  by  a  factor  of  25,  and  the  elongation  to  failure  varies  by  a  factor  10  for 
the  obturators. 


Table  3.  Average  Obturator  Mechanical  Properties  After  Environmental  Conditioning 


Condition 

Number  of  Test 
Specimens 

Maximum 
Tensile  Strength 
(psi) 

Elastic  Modulus 
(ksi) 

Elongation  to 
Failure 
(%) 

Brittle 

23 

11057.9 

576.0 

7.75 

12 

9569.9 

380.87 

39.65 

15 

5907.7 

23.4 

71.62 

The  “wet”  projectiles  were  then  placed  in  Mylar  vacuum  bags,  and  all  of  the  projectiles  were 
shipped  to  an  ammunition  loading  plant.  At  the  load  plant,  the  vacuum  bags  were  removed  and  the 
projectiles  were  loaded,  placed  in  ammunition  storage  cans,  and  shipped  to  the  ARL  Transonic 
Experimental  Facility  at  APG,  MD,  for  testing. 

At  the  Transonic  Experimental  Facility,  the  projectiles  were  temperature-conditioned  in 
environmental  chambers  prior  to  the  test.  The  “dry”  projectiles  were  stored  at  120°  F  and  25%  RH 
for  a  minimum  of  24  hours  prior  to  testing.  The  “wet  projectiles”  were  conditioned  at  120°  F  and 
75%  RH  for  a  minimum  of  72  hours  and  a  maximum  of  120  hours  prior  to  testing.  The  dummy 
obturators  were  weighed  prior  to  the  ballistic  test,  and  they  had  an  average  moisture  content  of 
3.35%.  The  reason  for  conditioning  the  “wet”  projectile  with  humidity  for  longer  periods  of  times 
was  twofold.  First,  since  the  testing  was  fired  with  a  propellant  temperature  of  120°  F,  the  moisture 
content  of  the  obturators  would  have  dropped  due  to  drying.  The  conditions  were  chosen  to  bring 
the  obturators  back  to  the  3.5%  moisture  content.  While  the  timeframe  was  too  short  to  fully 
recondition  the  obturators,  the  critical  area  of  the  band  is  the  base  of  the  slot  since  this  is  where  the 
failure  will  initiate.  The  condition  just  before  firing  will  ensure  that  this  region  is  at  the  appropriate 
moisture  content. 
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4.3  Results. 


The  full  results  of  the  ballistic  test  will  be  described  in  a  separate  report  (Soencksen,  Newill, 
and  Webb,  to  be  published).  However,  this  section  reviews  the  results  significant  to  the  obturator 
performance.  The  projectiles  were  fired  from  an  MIA  1  tank,  through  the  Transonic  Experimental 
Facility.  Spark  shadowgraphs  were  used  to  establish  the  yawing  motion  parameters,  which  were 
extrapolated  to  determine  first  max  yaw.  Target  impact  was  also  recorded  for  each  shot.  The  test 
was  conducted  on  the  E3  version  of  the  M865  projectile  as  shown  in  Figure  16.  The  E3  version  of 
the  M865  differs  from  the  original  version  in  that  it  incorporates  a  nylon  6  snap  ring  adapter  rather 
than  the  rubber  sealing  cuff  used  on  the  original  version  of  the  M865  as  shown  in  Figure  17.  The 
variability  in  the  first  max  yaw  results  from  the  ballistic  testing  as  measured  through  standard 
deviations  was  0.44  for  the  dry  brittle  bands,  0.60  for  the  dry  tough  bands,  and  0.47  for  the  “wet” 
tough  bands  (Soencksen,  Newill,  and  Webb,  to  be  published). 


Figure  16.  E3  Version  of  the  M865  Projectile. 


During  the  test,  anomalies  were  noted  in  the  fracture  of  the  obturator.  Several  large  pieces 
of  obturators  were  recovered  on  the  pad  in  front  of  the  tank.  The  length  of  many  of  the  pieces  found 
was  greater  than  that  of  the  120°  sabot  segment  arc,  which  would  have  been  expected  for  normal 
band  breakage.  Several  of  these  pieces  are  shown  in  Figure  18  and  Figure  19.  The  bands  also 
showed  signs  of  gas  leakage  underneath  the  obturators  (Figure  20),  and  the  aft  potion  of  the  bands 
were  missing  or  badly  damaged.  The  remaining  sections  of  the  aft  portion  of  the  band  had  a 
triangular  cross  section,  which  implies  that  they  were  worn  irregularity  due  to  gas  leakage 
underneath  pressing  the  band  against  the  tube.  Since  gas  leaked  underneath  the  aft  portion  of  the 
band  in-bore,  the  loss  of  tube  support  at  muzzle  exit  caused  the  aft  portion  of  the  band  to  blow  off  of 
the  projectile.  The  leakage  underneath  the  obturator  and  loss  of  the  aft  portion  of  the  band 
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disengages  the  knurled  surface  on  the  band  seat.  When  the  knurled  surfaces  are  not  engaged,  the 
stresses  in  the  band  are  not  focused  between  the  sabot  petals  during  discard,  leading  to  more  erratic 
fracture.  This  is  further  supported  with  the  recovery  of  the  large  section  of  obturator  from  the 
testing.  The  bands  show  that  they  did  not  fail  at  each  of  the  slots  as  designed.  Since  the  bands  are 
not  fracturing  as  designed,  the  effects  of  the  obturator  mechanical  properties  should  be  more 
evident.  This  is  due  to  the  reduction  in  stress  concentration  (predicted  in  section  2)  due  to  the  loss 
of  the  mechanical  coupling  from  the  knurling  surface.  It  also  allows  the  obturator  to  absorb  energy 
over  a  larger  area,  leading  to  failure  that  is  more  erratic.  However,  the  results  show  that  there  were 
no  significant  differences  in  obturator  behavior,  indicating  that  even  with  the  reduced  stress 
concentration,  the  differences  in  mechanical  property  still  did  not  significantly  affect  discard.  This 
also  implies  that  if  the  band  is  performing  properly  (with  the  knurling  surface  intact),  the  material 
differences  should  have  even  less  effect. 


Figure  20.  Sabot  From  a  Separate  Ballistic  Test  Showing  Soot  in  the  Obturator  Seat  Due  to 
Gas  Leakage  Underneath  Obturator. 


5.  Conclusions 


Historical  test  data  have  shown  that  nylon  functions  well  as  an  obturator  material.  It  is  used 
in  many  different  types  of  ammunition  and  rarely  causes  problems.  However,  nylon  can  have  a 
variety  of  properties,  and  these  need  to  be  understood.  The  toughness  of  the  obturator  can  change 
significantly  due  to  processing  conditions,  moisture  absorption,  and  temperature.  In  the  M865 
obturator,  variability  due  to  processing  is  offset  by  the  knurled  geometry  and  notch,  which  focus  the 
stress  at  the  sabot  seams.  The  ballistic  tests  in  this  study  confirm  that  variability  in  the  mechanical 
properties  of  nylon  has  little  influence  on  sabot  discard. 

The  obturator  has  several  functions,  which  are  contradictory  with  regard  to  the  material 
requirements.  During  the  manufacturing,  handling,  and  storage  of  the  projectiles,  the  obturator 
needs  to  be  tough  to  avoid  brittle  cracking  although  nylon  is  most  brittle  in  its  dry-as-molded 
condition.  As  the  obturator  is  exposed  to  ambient  humidity  levels,  it  will  absorb  moisture  and 
increase  its  toughness.  During  discard,  the  obturator  needs  to  fail  in  a  consistent  manner  for  each 
shot. 

As  described  in  section  2,  the  mechanical  properties  of  nylon  can  vary  by  several  orders  of 
magnitude  due  to  the  processing  conditions,  moisture  content,  and  temperature.  This  means  that  the 
obturator  fracture  can  vary  significantly  due  to  the  material  properties.  Therefore,  an  engineered 


breaking  mechanism  was  designed  into  the  obturator  and  obturator  seat  to  overcome  the  material 
property  variability.  The  knurled  surface  in  the  obturator  seat  on  the  sabot  and  the  notch  in  the 
forward  edge  of  the  obturator  both  help  to  focus  the  stress  and  achieve  repeatable  failure.  These 
failure  mechanisms  minimize  the  variability  due  the  nylon  mechanical  properties  during  discard 
and,  therefore,  minimize  the  potential  shot-to-shot  variability. 

The  obturators  used  on  the  projectile  in  ballistic  testing  were  made  with  a  variety  of  material 
conditions.  The  results  in  Table  3  show  that  the  maximum  strength  varied  by  a  factor  of  2,  the 
elastic  modulus  varied  by  a  factor  of  25,  and  the  elongation  to  failure  varied  by  a  factor  10  for  the 
obturators  in  this  study.  It  should  be  noted  that  these  ranges  of  material  properties  do  not  represent 
extremes  mechanical  properties  for  nylon;  rather,  they  are  all  conditions  that  could  be  reasonably 
seen  in  tank  ammunition.  However,  the  ballistic  test  showed  no  significant  difference  in  first  max 
yaw  of  the  projectile’s  behavior,  indicating  that  the  variability  in  nylon  behavior  can  be  overcome 
with  an  engineered  failure  mechanism  and  therefore  had  little  influence  on  projectile  discard  even 
with  leakage  problems  underneath  the  obturator. 

An  issue  that  needs  to  be  monitored  is  the  manufacturing  conditions  of  the  obturators  since 
these  impact  the  material  properties.  Currently,  there  are  no  quality  control  tests  or  acceptance 
criteria  for  the  molded  projectiles,  allowing  the  crystallinity  and  void  content  to  vary  significantly. 
While  the  ballistic  testing  showed  that  the  variability  can  be  overcome  with  mechanical  fracture 
mechanism,  controlling  the  source  of  the  variability  will  ensure  more  consistent  obturator 
performance. 

The  most  significant  issue  with  the  sealing  cuff  appears  to  be  adhesion  to  the  sabot.  Good 
adhesion  focuses  the  circumferential  stress  in  the  sealing  cuff  at  the  seams  and  leads  to  consistent 
fracture.  If  the  adhesion  is  poor  or  the  adhesive  interface  fails,  the  bolts  act  as  secondary  fracture 
initiation  sites.  While  this  acts  as  an  engineered  failure  mechanism,  it  is  not  as  well  done  as  the 
knurling/slot  failure  mechanism  in  the  obturator.  It  appears  that  this  portion  is  working  well  enough 
due  to  the  good  TID  performance  of  the  projectiles. 
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1  NAVAL  SURFACE  WARFARE  CTR 
CODE  B07  J  PENNELLA 
17320  DAHLGRENRD 
BLDG  1470  RM  1101 
DAHLGREN  VA  22448-5100 

1  US  MHJTARY  ACADEMY 

MATH  SCI  CTR  OF  EXCELLENCE 
DEPT  OF  MATHEMATICAL  SCI 
MAJMD  PHILLIPS 
THAYER  HALL 
WEST  POINT  NY  10996-1786 


1  DIRECTOR 

US  ARMY  RESEARCH  LAB 

AMSRLDD 

JJROCCHIO 

2800  POWDER  MILL  RD 

ADELPHI MD  20783-1145 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRL  CS  AS  (RECORDS  MGMT) 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1 145 

3  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRL  Cl  LL 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1 145 


ARKROEFN  PROVING  GROUND 

4  DIRUSARL 

AMSRL  Cl  LP  (305) 
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COPIES  ORGANIZATION 


DIRECTOR 

USARL 

AMSRL  CP  CA  D  SNIDER 
2800  POWDER  MILL  RD 
ADELPHI MD  20783-1145 

COMMANDER 
USARMYARDEC 
AMSTAARFSE  TGORA 
PICAHNNY  ARSENAL  NJ 
07806-5000 

COMMANDER 
USARMYARDEC 
AMSTAARID 
PICATINNY  ARSENAL  NJ 
07806-5000 

USARMYTACOM 
AMSTA  JSK 
S  GOODMAN 
J FLORENCE 
AMSTA  TRD 
BRAJU 
L  HINOJOSA 
D  OSTBERG 
WARREN  MI  48397-5000 


4  COMMANDER 
USARMYARDEC 
AMSTA  ARCCH 
SMUSALU 
RCARR 
M  LUCIANO 
TLOUCEIRO 
PICATINNY  ARSENAL  NJ 
07806-5000 

2  COMMANDER 
USARMYARDEC 
AMSTA  AR  E  FENNELL 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
USARMYARDEC 
AMSTA  ARCCH 
PICATINNY  ARSENAL  NJ 
07806-5000 

2  COMMANDER 
USARMYARDEC 
AMSTA  AR 

PICATINNY  ARSENAL  NJ 
07806-5000 


PM  SAD  ARM 
SFAEGCSSSD 
COLB  ELLIS 
M  DEVINE 
WDEMASSI 
J  PRITCHARD 
SHROWNAK 
PICATINNY  ARSENAL  NJ 
07806-5000 

COMMANDER 
USARMYARDEC 
SFAEFASPM 
F  MCLAUGHLIN 
PICATINNY  ARSENAL  NJ 
07806 


3  COMMANDER 
US  ARMY  ARDEC 
AMSTA  AR  CCH  P  J  LUTZ 
AMSTA  AR  FSF  T  C  LIVECCHIA 
AMSTA  ARQACT/C  C  PATEL 
PICATINNY  ARSENAL  NJ 
07806-5000 

2  COMMANDER 
USARMYARDEC 
AMSTA  AR  M 
DDEMELLA 
FDIORIO 

PICATINNY  ARSENAL  NJ 
07806-5000 
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3 


1 


1 


8 


1 


1 


ORGANTZATTON 


NO.  OF 

COPIES  ORGANIZATION 


COMMANDER 

USARMYARDEC 

AMSTAARFSA 

AWARNASH 

BMACHAK 

MCHEEFA 

PIC  ATINNY  ARSENAL  NJ 
07806-5000 

COMMANDER 
WATERVUET  ARSENAL 
SMCWV  QAE  Q  B  VANINA 
BLDG  44 

WATERVLIET  NY  12189-4050 

COMMANDER 
WATERVLIET  ARSENAL 
SMCWV  SPM  T  MCCLOSKEY 
BLDG  253 

WATERVLIET  NY  12189-4050 
DIRECTOR 

BENET  LABORATORIES 

AMSTAARCCB 

JKEANE 

JBATTAGUA 

JVASILAKIS 

GFFIAR 

VMONTVORI 

GDANDREA 

RHASENBEIN 

SMCAR  CCB  R  S  SOPOK 

WATERVLIET  NY  12189 

COMMANDER 
WATERVLIET  ARSENAL 
SMCWV  QA  QS  K INSCO 
WATERVLIET  NY  12189-4050 

COMMANDER 

US  ARMY  ARDEC 

PRDCTN  BASE  MODERN  ACTY 

AMSMCPBMK 

PICAHNNY  ARSENAL  NJ 

07806-5000 


2  COMMANDER 
USARMYARDEC 

AMSTA  AR  FSP  G  M  SCHIKSNIS 
D  CARLUCa 
PICAHNNY  ARSENAL  NJ 
07806-5000 

1  US  ARMY  COLD  REGIONS  RESEARCH  & 
ENGINEERING  LABORATORY 
PDUTTA 
72  LYME  RD 
HANOVER  NH  03755 

1  DIRECTOR 
USARL 

AMSRL  WT  L  D  WOODBURY 
2800  POWDm  MILL  RD 
ADELPHI  MD  20783-1145 

3  COMMANDER 
USARMYAMCOM 
AMSMI  RD  W  MCCORKLE 
AMSMIRD  ST  P  DOYLE 
AMSMI  RD  ST  CN  T  VANDIVER 
REDSTONE  ARSENAL  AL  35898-5247 

2  US  ARMY  RESEARCH  OFHCE 
ACROWSON 

J CHANDRA 
PO  BOX  12211 

RESEARCH  TRIANGLE  PARK  NC 
27709-2211 

3  US  ARMY  RESEARCH  OFFICE 
ENGINEERING  SCIENCES  DIV 
R  SINGLETON 

G  ANDERSON 
KIYER 
PO  BOX  12211 

RESEARCH  TRIANGLE  PARK  NC 
27709-2211 


COMMANDER 

US  ARMY  BELVOIR  RD&E  CTR 
STRBEJBC 

FT  BBLVOm.  VA  22060-5606 
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5  PROJECT  MANAGER 

TANK  MAIN  ARMAMENT  SYSTEMS 

SFAEGSSCTMA 

COLPAWUCKI 

KKIMKER 

EKOPACZ 

RROESER 

B  DORCY 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  PROJECT  MANAGER 

TANK  MAIN  ARMAMENT  SYS 
SFAEGSSCTMASMD 
R  KOWALSKI 
PICATINNY  ARSENAL  NJ 
07806-5000 

2  PEO  FIELD  ARTILLERY  SYSTEMS 
SFAE  FAS  PM  H  GOLDMAN 

T  MCWILLIAMS 
PICATINNY  ARSENAL  NJ 
07806-5000 

2  PROJECT  MANAGER  CRUSADER 
GDELCOCO 
J  SHIELDS 

PICATINNY  ARSENAL  NJ 
07806-5000 

2  NASA  LANGIEY  RESEARCH  CTR 
AMSRLVSMS266 
WELBER 
F  BARTLETT  JR 
HAMPTON  VA  23681-0001 

2  COMMANDER 
DARPA 
J  KELLY 
B  WILCOX 
3701 N  FAIRFAX  DR 
ARLINGTON  VA  22203-1714 


6  COMMANDER 

WRIGHT  PATTERSON  AFB 
WLFIVAMAYER 
WLMLBM 
S  DONALDSON 
TBENSON-TOLLE 
C  BROWNING 
J  MCCOY 
F  ABRAHAMS 
2941  P  STREET  STEl 
DAYTON  OH  45433 

1  NAVAL  SURFACE  WARFARE  CTR 

DAHLGREN  DIV  CODE  G06 
DAHLGRENVA  22448 

1  NAVAL  RESEARCH  LABORATORY 
I WOLOCK  CODE  6383 
WASHINGTON  DC  20375-5000 

1  OFFICE  OF  NAVAL  RESEARCH 

MECH  DIV  CODE  1 132SM 
YRAJAPAKSE 
ARLINGTON  VA  22217 

1  NAVAL  SURFACE  WARFARE  CTR 

CRANE  DIVISION 
M  JOHNSON  CODE  20H4 
LOUISVILLE  KY  40214-5245 

1  DAVID  TAYLOR  RESEARCH  CTR 
SHIP  STRUCTURES  &  PROTECTION 
DEPARTMENT 

J  CORRADO  CODE  1702 
BETHESDAMD  20084 

2  DAVID  TAYLOR  RESEARCH  CTR 
R  ROCKWELL 
WPHYILLAIER 

BETHESDA  MD  20054-5000 

1  DEFENSE  NUCLEAR  AGENCY 
INNOVATIVE  CONCEPTS  DIV 
RROHR 

6801  TELEGRAPH  RD 
ALEXANDRIA  VA  22310-3398 
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NO.  OF 

COPIES  ORGANIZATION 

1  EXPEDITIONARY  WARFARE  DIV 
FSHOUPN85 
2000  NAVY  PENTAGON 
WASHINGTON  DC  20350-2000 

1  OFHCE  OF  NAVAL  RESEARCH 

D  SIEGEL  351 
800  N  QUINCY  ST 
ARLINGTON  VA  22217-5660 

1  NAVAL  SURFACE  WARFARE  CTR 
J  H  FRANCIS  CODE  G30 
DAHLGRENVA  22448 

2  NAVAL  SURFACE  WARFARE  CTR 
D  WILSON  CODE  G32 

R  D  COOPER  CODE  G32 
DAHLGREN  VA  22448 

4  NAVAL  SURFACE  WARFARE  CTR 
JFRAYSSECODEG33 
E  ROWE  CODE  G33 
T  DURAN  CODE  G33 
L  DE  SIMONE  CODE  G33 
DAHLGRENVA  22448 

1  COMMANDER 

NAVAL  SEA  SYSTEMS  CMD 
DLIESE 

2531  JEFFERSON  DAVIS  HIGHWAY 
ARLINGTON  VA  22242-5160 

1  NAVAL  SURFACE  WARFARE  CTR 
ME  LACY  CODE B02 
17320  DAHLGREN  RD 
DAHLGRENVA  22448 

1  NAVAL  SURFACE  WARFARE  CTR 
TECH  LIBRARY  CODE  323 
17320  DAHLGREN  RD 
DAHLGREN  VA  22448 

4  DIRECTOR 
LLNL 

R  CHRISTENSEN 
SDETERESA 
FMAGNESS 
M  FINGER 
PO  BOX  808 
LIVERMORE  CA  94550 


NO.  OF 

COPIES  ORGANIZATION 

1  LOS  ALAMOS  NATL  LAB 
FADDESSIOMSB216 
PO  BOX  1633 
LOS  ALAMOS  NM  87545 

1  LOS  ALAMOS  NATL  LAB 
JREPPAMSF668 
PO  BOX  1663 
LOS  ALAMOS  NM  87545 

1  OAK  RIDGE  NATIONAL  LABORATORY 

RM  DAVIS 
PO  BOX  2008 

OAK  RIDGE  TN  37831-6195 

1  PENNSYLVANIA  STATE  UNIVERSITY 
CBAKIS 

227  N  HAMMOND 
UNIVERSITY  PARK  PA  16802 

3  UNTTH)  DEFENSE  LP 
4800  EAST  RIVER  RD 
PJANKEMS170 
TGIOVANETnMS236 
BVANWYKMS389 
MINNEAPOUS  MN  55421-1498 

4  DIRECTOR 

SANDIA  NATL  LABORATORIES 

APPLIED  MECHANICS  DEPT 

DIVISION  8241 

WKAWAHARA 

KPERANO 

D  DAWSON 

PNIELAN 

PO  BOX  969 

LIVERMORE  CA  94550-0096 

1  DREXEL  UNIVERSITY 
ASDWANG 

32ND  AND  CHESTNUT  ST 
PHILADELPHIA  PA  19104 

1  BATTELLE 

CR  HARGREAVES 
505  KING  AVE 
COLUMBUS  OH  43201-2681 
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NO.  OF 

NO.  OF 

COPIES 

ORGANIZATION 

COPIES  ORGANIZATION 

1 

PACIFIC  NORTHWEST 

LABORATORY 

M  SMITH 

PO  BOX  999 

RICHLAND  WA  99352 

2 

U  OF  DAYTON  RSCH INSHTUTE 
RYKIM 

AKROY 

300  COLLEGE  PARK  AVE 

DAYTON  OH  45469-0168 

1 

LLNL 

M  MURPHY 

PO  BOX  808  L  282 

LIVERMORE  CA  94550 

1 

UNIVERSITY  OF  DAYTON 

JM  WHITNEY 

COLLEGE  PARK  AVE 

DAYTON  OH  45469-0240 

1 

NORTH  CAROLINA  STATE 
UNIVERSITY 

CIVIL  ENGINEERING  DEPT 
WRASDORF 

PO  BOX  7908 

RALEIGH  NC  27696-7908 

2 

UNIVERSITY  OF  DELAWARE 

CTR  FOR  COMPOSITE  MATERIALS 

J  GILLESPIE 

MSANTARE 

201  SPENCER  LABORATORY 
NEWARK  DE  19716 

1 

PENNSYLVANIA  STATE 

UNIVERSITY 

RMCNITT 

227  HAMMOND  BLDG 

UNIVERSITY  PARK  PA  16802 

1 

UNIV  OF  ILLINOIS  AT  URBANA 
CHAMPAIGN 

NATL  CTR  FOR  COMPOSITE 
MATERIALS  RESEARCH 

216  TALBOT  LABORATORY 

J  ECONOMY 

1 

PENNSYLVANIA  STATE 

UNIVERSITY 

R  S  ENGEL 

104  S  WRIGHT  STREET 

URBANA  IL  61801 

245  HAMMOND  BLDG 

UNIVERSITY  PARK  PA  16801 

1 

UNIVERSITY  OF  KENTUCKY 

LPENN 

763  ANDERSON  HALL 

1 

PURDUE  UNIVERSITY 

SCHOOL  OF  AERO  &  ASTRO 

LEXINGTON  KY  40506-0046 

CT  SUN 

W  LAFAYETTE  IN  47907-1282 

1 

UNIVERSITY  OF  UTAH 

DEPT  OF  MECH  &  INDUSTRIAL  ENGR 
S  SWANSON 

1 

STANFORD  UNIVERSITY 

DEPT  OF  AERONAUTICS 

SALT  LAKE  CITY  UT  841 12 

AND  AEROBALUSUCS 

DURANT  BUILDING 

STSAI 

STANFORD  CA  94305 

2 

UNIV  OF  TEXAS  AT  AUSTIN 

CTR  FOR  ELECTROMECHANICS 

A  WALLS 

JKITZMILLER 

10100  BURNET  RD 

1 

UCLA 

MANE  DEPT  ENGR IV 

H  THOMAS  HAHN 

LOS  ANGELES  CA  90024-1597 

AUSTIN  TX  78758-4497 
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1 


1 


1 
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VA  POLYIECHNICAL  INSTITUTE 

&  STATE  UNIVERSITY 

DEPTOFESM 

MWHYBR 

KREBFSNIDER 

R  JONES 

BLACKSBURG  VA  24061-0219 

UNIVERSITY  OF  MARYLAND 
DEPT  OF  AEROSPACE  ENGR 
A  j  vizznsn 

COLLEGE  PARK  MD  20742 

AAI  CORPORATION 
TGSTASTNY 
PO  BOX  126 

HUNT  VALLEY  MD  21030-0126 

JOHN  HEBERT 
G  CHRYSSOMALUS 
PO  BOX  1072 

HUNT  VALLEY  MD  21030-0126 

ARMTEC  DEFENSE  PRODUCTS 

SDYER 

85  901AVE53 

PO  BOX  848 

COACHELLA  CA  92236 

ADVANCED  COMPOSITE 
MATERIALS  CORPORATION 
PHOOD 
J  RHODES 

1525  S  BUNCOMBE  RD 
GREER  SC  29651-9208 


1  SAIC 

GCHRYSSOMALLIS 
3800  W80TH  STREET 
STE 1090 

BLOOMINGTON  MN  5543 1 

6  ALUANT  TECH  SYSTEMS  INC 
CCANDLAND 
R BECKER 
LLEE 
CAACHUS 
DKAMDAR 
DHSHER 
600  2ND  ST  NE 
HOPKINS  MN  55343-8367 

1  AMOCO  PERFORMANCE  PRODUCTS  INC 

MMICHNOJR 
4500  MCGINNIS  FERRY  RD 
ALPHARETTA  GA  30202-3944 

1  APPLIED  COMPOSITES 
WGRISCH 

333  NORTH  SIXTH  ST 
ST  CHARLES  IL  60174 

1  BRUNSWICK  DEFENSE 

T  HARRIS 
STE  410 

1745  JEFFERSON  DAVIS  HWY 
ARLINGTON  VA  22202 

1  PROJECTILE  TECHNOLOGY  INC 

515  GILES  ST 

HAVRE  DE  GRACE  MD  21078 


SAIC 
D  DAKIN 

2200  POWELL  ST  STE  1090 
EMERYVILLE  CA  94608 

SAIC 

MPALMER 

2109  AIR  PARK  ROSE 

ALBUQUERQUE  NM  87106 

SAIC 

RACEBAL 

1225  JOHNSON  FERRY  RD  STE  100 
MARIETTA  GA  30068 


1  CUSTOM  ANALYTICAL  ENGR 

SYS  INC 
A  ALEXANDER 
13000  TENSOR  LANE  NE 
FLINTSTONEMD  21530 

1  NOESIS  INC 
ABOUIZ 

1110  N  GLEBE  RD  STE  250 
ARLINGTON  VA  22201-4795 
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NO.  OF 
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1  ARROW  TECH  ASSO 

1233  SHELBURNE  RD  STE  D  8 
SOUTH  BURLINGTON  VT 
05403-7700 

1  NAVAL  SURFACE  WARFARE  CIR 
R  HUBBARD  G33-C 
DAHLGREN  DIVISION 
DAHLGREN  VA  2248-5000 

5  GEN  CORP  AEROJET 

DPILLASCH 
T COULTER 
C FLYNN 
DRUBAREZUL 
M  GREINER 

1 100  WEST  HOLLYVALE  ST 
AZUSA  CA  91702-0296 

7  CIVIL  ENGRRSCH  FOUNDATION 

H  BERNSTEIN  PRESIDENT 
CMAGNELL 
K  ALMOND 
R BELLE 
MWILLETT 
EDELO 
B  MATTES 

1015  15THSTNWSTE600 
WASHINGTON  DC  20005 

1  NATIONAL  INSTITUTE  OF 

STANDARDS  AND  TECHNOLOGY 
STRUCTURE  &  MECHANICS  GP 
POLYMER  DIV  POLYMERS 
G  MCKENNA  RM  A209 
GAITHERSBURG  MD  20899 

1  DUPONT  COMPANY 

COMPOSITES  ARAMID  FIBERS 
S  BORLESKE  DEVELOPMENT  MGR 
CHESNUT  RUN  PLAZA 
PO  BOX  80702 

WILMINGTON  DE  19880-0702 

1  GENERAL  DYNAMICS 

LAND  SYSTEMS  DIVISION 
DBARTLE 
PO  BOX  1901 
WARREN  MI  48090 


3  HERCULES  INC 
RBOE 
FPOUCELU 
JPOESCH 
PO  BOX  98 
MAGNA  UT  84044 

3  HERCULES  INC 
GKUEBELER 
JVERMEYCHUK 
BMANDERVDLLEJR 
HERCULES  PLZ 
WILMINGTON  DE  19894 

1  HEXCEL 

MSHELENDICH 
11555  DUBLIN  BLVD 
PO  BOX  2312 
DUBLIN  CA  94568-0705 

4  INSHTUIE  FOR  ADVANCED  TECH 
HFAIR 

P  SULLIVAN 
WREINECKE 
IMCNAB 

4030  2WBRAKERLN 
AUSTIN  TX  78759 

1  INTEGRATED  COMPOSITE  TECH 
HPERKINSONJR 
PO  BOX  397 

YORK  NEW  SALEM  PA  17371-0397 

1  INTERFEROMETRICS  INC 
R  LARRIVA  VICE  PRESIDENT 
8150  LEESBURG  PIKE 
VIENNA  VA  22100 

1  AEROSPACE  RES  &  DEV 

(ASRDD)  CORP 
DELDER 
PO  BOX  49472 

COLORADO  SPRINGS  CO  80949-9472 

1  PM  ADVANCED  CONCEPTS 
LORAL  VOUGHT  SYSTEMS 
J  TAYLOR  MS  WT21 
PO  BOX  650003 
DALLAS  TX  76265-0003 
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2  LORAL  VOUGHT  SYSTEMS 
G  JACKSON 
KCOOK 

1701  W  MARSHALL  DR 
GRAND  PRAIRIE  TX  75051 

1  BRIGS  CO 
JBACKOFEN 
2668  PETERBOROUGH  ST 
HERDON  VA  22071-2443 

1  SOUTHWEST  RSCH  INSTITUTE 

J  RIEGEL 

ENGR  &  MAIL  SCIENCES  DIV 
6220CULEBRARD 
PO  DRAWER  28510 
SAN  ANTONIO  TX  78228-0510 

1  ZERNOW  TECHNICAL  SERVICES 

LZERNOW 

425  W  BONITA  AVE  SUITE  208 
SAN  DIMAS  CA  91773 

1  R  EICHELBERGER  CONSULTANT 

409  W  CATHERINE  ST 
BEL  AIR  MD  21014-3613 

1  DYNA  EAST  CORPORATION 
P  cm  CHOU 

3201  ARCH  ST 

PHILADELPHIA  PA  19104-2711 

2  MARTIN  MARIETTA  CORP 
P  DEWAR 

LSPONAR 

230  EAST  GODDARD  BLVD 
KING  OF  PRUSSIA  PA  19406 

2  OUN  CORPORATION 
FUNCHBAUGHDIV 
E  STEINER 
B  STEWART 
PO  BOX  127 
RED  LION  PA  17356 

1  OUN  CORPORATION 
LWfflTMORE 
10101  9TH  ST  NORTH 
ST  PETERSBURG  FL  33702 


1  RENNSAELER  POLYTECHNIC 

INSTTrUTE 
RB  PIPES 

PRESIDENT  OFC  PITTSBURGH  BLDG 
TROY  NY  12180-3590 

1  SPARTA  INC 
JGLATZ 

9455  TOWNE  CTR  DRIVE 
SAN  DIEGO  CA  92121-1964 

2  UNITED  DEFENSE  LP 
PPARA 

G  THOMAS 

1 107  COLEMAN  AVE  BOX  367 
SAN  JOSE  CA  95103 

1  MARINE  CORPS  SYSTEMS  COMMAND 
PM  GROUND  WPNS 
COL  R  OWEN 

2083  BARNETT  AVE  SUITE  315 
QUANTICO  VA  22134-5000 

1  OFHCE  OF  NAVAL  RES 
J  KELLY 

800  NORTH  QUINCEY  ST 
ARLINGTON  VA  22217-5000 

2  NAVAL  SURFACE  WARFARE  CTR 
CARDEROCK  DIVISION 

R  CRANE  CODE  2802 
C  WILLIAMS  CODE  6553 
3A  LEGGETT  CIR 
ANNAPOUS  MD  21402 

5  SIKORSKY 
H  BUTTS 
TCARSTENSAN 
BKAY 
S GARBO 
JADELMANN 
6900  MAIN  ST 
PO  BOX  9729 

STRATFORD  CT  06601-1381 

1  U  WYOMING 

D  ADAMS 
PO  BOX  3295 
LARAMIE  WY  82071 
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1  MICHIGAN  ST  UNIVERSITY 

RAVERILL 
3515  EBMSM  DEPT 
EAST  LANSING  MI  48824-1226 

1  AMOCO  POLYMERS 
J  BANISAUKAS 
4500  MCGINNIS  FERRY  RD 
ALPHARETTA  GA  30005 

1  HEXCEL 
TBITZER 

11711  DUBLIN  BLVD 
DUBLIN  CA  94568 

1  BOEING 

RBOHLMANN 
PO  BOX  516  MC  5021322 
ST  LOUIS  MO  63166-0516 

1  NAVSEAOJRI 
GCAMPONESCHI 
2351  JEFFERSON  DAVIS  HWY 
ARUNGTON  VA  22242-5 160 

1  LOCKHEED  MARTIN 
R  FIELDS 
1195  IRWIN  CT 
WINTER  SPRINGS  FL  32708 

1  USAF 

WL  MLS  OLA  HAKIM 
5225  BAILEY  LOOP  243E 
MCCLELLAN  AEB  CA  55552 

1  PRATT  &  WHTTNEY 

DHAMBRICK 
400  MAIN  ST  MS  114-37 
EAST  HARTFORD  CT  06108 

1  BOEING 

DOUGLAS  PRODUCTS  DIV 
LI  HART-SMITH 
3855  LAKEWOOD  BLVD 
D800-0019 

LONG  BEACH  CA  90846-0001 


1  MIT 

P LAG ACE 
77  MASS  AVE 
CAMBRIDGE  MA  01887 

1  NASA-LANGLEY 
J  MASTERS  MS  389 
HAMPTON  VA  23662-5225 

1  CYTEC 
MLIN 

1440  N  KRAEMER  BLVD 
ANAHEIM  CA  92806 

2  BOEING  ROTORCRAFT 
PMINGURT 

P HANDEL 

800  B  PUTNAM  BLVD 

WALLINGFORD  PA  19086 

2  FAA  TECH  CENTER 
DOPLINGER  AAR-431 
P  SHYPRYKEVICH  AAR-431 
ATLANTIC  CITY  NJ  08405 

1  NASA-LANGLEY  RC 

CCPOEMS  188E 
NEWPORT  NEWS  VA  23608 

1  LOCKHEED  MARTIN 
S  REEVE 
8650  COBB  DR 
D73  62MZ0648 
MARIETTA  GA  30063-0648 

1  WLMLBC 
E  SHINN 
2941  PST  STEl 

WRIGHT  PAT  AFB  OH  45433-7750 

2  nr  RESEARCH  CENTER 
DROSE 

201  MILL  ST 
ROME  NY  13440-6916 
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